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The interaction between proteins and anionic lipids in the plasma membrane
is a common motif in cell communication at the plasma membrane. Such
interactions can gate membrane protein function and have also been
proposed to sequester membrane lipids during quiescent phases of signal-
ing. To date, however, the molecular structure and dynamics of the lipid-
protein interface is poorly understood. To isolate these interactions in a
biophysical assay, we have investigated the behavior of a polycationic poly-
mer, quaternized polyvinylpyridine (QPVP), on supported lipid bilayers
doped with tail-labeled phosphatidylserine (PS) or phosphatidylinositol
phosphate (PIP) lipids. To measure the mobility and association of the lipid
and adsorbed polymer, we use a time-resolved fluorescence technique, pulsed
interleaved excitation fluorescence cross-correlation spectroscopy (PIE-
FCCS). PIE-FCCS is a dual-color fluorescence spectroscopy that translates
fluctuations in fluorescence signal into a measurement of diffusion and co-
localization. With PIE-FCCS we have investigated the polymer adsorption-
dependent translational mobility of the lipids and systematically studied
the influence of lipid head-group charge and solvent ionic strength. Our
results indicate that alteration of anionic lipid lateral mobility is dependent
on the net charge of the lipid head group and is significantly screened
by the ionic strength of the solution. At physiological salt concentration
we observe that the lipid lateral mobility is nearly unaffected by mobile,
adsorbed polymers and that there is no evidence of stable lipid-polymer
complexes.
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The Effects of Ca2D on the Dynamics of PIP2 Containing Lipid Bilayers
Ian P. Mc Cabe, Martin B. Forstner.
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Changes of intercellular Ca2þ concentrations are one of the most ubiquitous
signaling events that accompany or precede large scale cellular responses.
We are in particular interested in the direct modulation of phosphatidylinositol
4,5-bisphosphate (PIP2) interactions by such changes in Ca2þ levels and the
associated changes in PIP2 organization in biomembranes. To that end a series
of experiments were conducted on 1,2d-sn-glycero-3-phosphocholine (DOPC)
bilayers supported by a cushion of poly (l-lactic acid) (PLLA) containing also
physiological quantities of PIP2. Fluorescence correlation spectroscopy was
used to study the response of PIP2 to changes in the concentration of Ca2þ
ions that cover the intercellular calcium levels during transitions from the
resting to an excited cell state (0-1000nM). After an initial increase in motility
up to about 100nM Ca2þ, PIP2 diffusivity is found to decrease with increasing
calcium concentration. This behavior can be explained by the initial break-up
of pre-formed PIP2-DOPC clusters and the subsequent Ca2þ induced aggrega-
tion of PIP2.
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Kristian T. Stipe.
University of Montana, Missoula, MT, USA.
Cardiolipin is a negatively charged phospholipid that comprises roughly
20% of the lipids in the inner mitochondrial membrane. The dynamics
of this membrane can influence interactions between cytochrome c and
cardiolipin, which have been shown to initiate the intrinsic pathway of
apoptosis. This investigation studies how the dynamics of a model membrane
system of varying composition will behave in the presence and absence
of cardiolipin. Nanodiscs are composed of varying concentrations of 18:1
cardiolipin and DOPC or DMPC, doped with either NBD-PE or TMA-
DPH. (18:1 cardiolipin: 10,30-bis[1,2-dioleoyl-sn-glycero-3-phospho]-sn-glyc-
erol DMPC: 1,2-dimyristoyl-sn-glycero-3-phosphocholine DOPC: (D9-Cis)
PC 1,2-dioleoyl-sn-glycero-3-phosphocholine NBD-PE: 1,2-dimyristoyl-sn-
glycero-3-phosphoethanolamine-N-(7-nitro-2-1,3-benzoxadiazol-4-yl) TMA-
DPH: trimethylammonium diphenylhexatriene). Time-Resolved Emission
Spectra (TRES) of NBD-PE doped nanodiscs are used to report on head group
relaxation and Time-Resolved Fluorescence Anisotropy of TMA-DPH doped
nanodiscs are used to report on acyl chain motions. These methods are
combined to provide insight into how cardiolipin affects lipid membrane
dynamics.1224-Pos Board B175
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Deoxycholic acid (DCA) and other hydrophobic bile acids induce apoptosis at
submicellar concentrations, while bile acids such as ursodeoxycholic acid
(UDCA) and its taurine conjugate (TUDCA) display cytoprotective proper-
ties. The mechanisms that trigger these opposite signalling effects are still un-
clear. Recent studies have confirmed that cytotoxic bile acids decrease
membrane order in membrane model systems and in purified plasma
membrane vesicles, suggesting that cytotoxicity could be initiated through
modulation of plasma membrane structure. Using confocal microscopy and
two-photon fluorescence microscopy of Laurdan in hepatocytes and estab-
lished cell lines, we have shown that upon uptake, bile acid analogues accu-
mulate in intracellular membranes and display remarkable low plasmalemmal
levels. Incubation of hepatocytes with both classes of bile acids resulted in a
dramatic decrease in intracellular membrane order, as a result of bile acid
accumulation during uptake. Bile acids also accumulated in mitochondria,
but only DCA induced significant changes in the membrane order of isolated
mitochondria. Importantly, the DCA induced changes in membrane fluidity
preceded an increase in mitochondrial permeability, which is not detected
for both UDCA and TUDCA. Our results are consistent with the presence
of cellular compensatory mechanisms, which work against the moderate
loading of bile acids in the plasma membrane, but that are unable to balance
the increase in membrane fluidity induced by cytotoxic bile acids in mito-
chondrial membranes. Our findings suggest that apoptosis induced by cyto-
toxic bile acids is the result of changes in mitochondrial membrane
structure after incorporation of bile acids.
Supported from PTDC/QUI-BIQ/119494/2010 and RECI/CTM-POL/0342/
2012.
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Extracellular vesicles (EVs) are endogenous particles involved in cell to cell
communication. EVs transport proteins and RNA, appear to play a role in
disease and are potentially useful as a drug delivery system. The stiffness
of these vesicles might be important for their functioning because it is
believed that it may play a role in e.g. endocytosis by cells. We look into
the mechanics of extracellular vesicles excreted by red blood cells (RBC
EVs) using atomic force microscopy (AFM), and compare them with lipo-
somes with a similar lipid composition. AFM imaging shows that RBC
EVs (~ 125 nm in diameter) stay in a spherical shape upon interaction with
a poly-L-lysine coated surface, whereas similar sized liposomes adopt a
hemi-spherical shape. Indentations of both liposomes and RBC EVs reveal
thin shell behavior, characterized by a linear rise in force and subsequent
buckling. Surprisingly, the liposomes seem stiffer. However, when we correct
for (i) liposome spreading that leads to an internal osmotic pressure which
stiffens the response as well as for (ii) the different geometry of the vesicles,
we observe that RBC EVs are indeed significantly stiffer. This result show
that EVs indeed have a higher stiffness than can be expected solely from their
lipid composition and dimensions.
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Modeling of Vesiculation in Healthy and Defective Human Erythrocyte
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He Li, George Lykotrafitis.
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We apply a two-component coarse-grained molecular dynamics (CGMD) red
blood cell (RBC) membrane model which includes an explicit representation
of the spectrin network, the lipid bilayer, and the band-3 proteins, to simulate
Monday, February 9, 2015 243avesiculation in the RBC membrane. We investigate vesiculation induced by
the spontaneous curvature of the membrane domain and vesiculation induced
by a stiffened cytoskeleton causing compression on the lipid bilayer. In addi-
tion, we model vesiculation in RBCs from patients suffering from the blood
disorders of hereditary spherocytosis (HS) and elliptocytosis (HE). Our simu-
lation results show that the spontaneous curvature of a membrane domain in-
duces vesicles with a diameter less than 50 nm. We also found that
compression on the membrane can cause the formation of vesicles having het-
erogeneous composition with a size similar to the size of the cytoskeleton
corral. When both effects are taken into consideration, the compression on
the membrane can facilitate the formation of vesicles originated from the
membrane domain with the same spontaneous curvature. While the size of
the vesicles induced by the compression in the normal RBC membrane is
similar to the cytoskeleton corral size, the vesicle sizes become more diverse
in HS RBCs because the constrain from the cytoskeleton on the lipid bilayer is
reduced. When the vertical connectivity between the lipid bilayer and the
cytoskeleton is elevated, multiple vesicles, with sizes similar to the cytoskel-
eton corral dimension, are generated from the compressed membrane. How-
ever, membrane with low vertical connectivity tends to produce larger
vesicles under the same compression ratio as above. In HE RBCs, the reduced
cytoskeleton connectivity facilitates the membrane vesiculation. It is noted
that vesicles released from the HE RBCs could contain spectrin filaments
while vesicles released from the HS RBCs are depleted of cytoskeleton
components.
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Glycosphingolipids are the biological recognition sites in determining human
A, B, and O blood groups. They are composed of the long-chain amino
alcohol sphingosine, a long-chain fatty acid, and an oligosaccharide polar
head group that is joined by a glyosidic linkage. These oligosaccharide se-
quences that determine human A, B, and O blood groups are almost identical
except one terminal sugar (galactose). To understand the structural function
and dynamics of the A, B, and H glycoshingolipids and how they act as re-
ceptors on the red blood cell to determine the A, B, and O blood groups,
we performed molecular dynamics simulations for all three blood type
antigens in a membrane bilayer environment. Using CHARMM-GUI
(www.charmm-gui.org), we built a membrane bilayer and put one Blood
Type A antigen in the upper leaflet and one in the bottom leaflet, and simu-
lated it three times. This was done for Blood Type B antigen and Blood Type
H antigen. Future work involves gaining a deeper understanding of the glyco-
sphingolipids’ structure and dynamics, which will help lead to a better func-
tional understanding of the human glycome.
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The first line of defense of the human body against harmful agents such
as toxic chemicals, viruses and bacteria is the stratum corneum (SC), the
skin’s outer layer. A simple ‘‘brick and mortar’’ analogy is often used to
describe how the lipid matrix (the ‘‘mortar’’) of the stratum corneum
holds together keratin-rich and largely impenetrable corneocytes (the
‘‘bricks’’). Primarily due to uncertainty in the molecular structure of the
lipid matrix, the pathways of permeation of toxic chemicals or drugs admin-
istered transdermally are not completely understood. We’ve used molecular
dynamics to simulate a multi-lamellae 30-nm cross-section of the lipid
matrix, totaling nearly 1 million atoms, under varying conditions of acidity
and salt concentration for more than two microseconds. During our simula-
tions, the skin’s lipids form spontaneously a multilamellar structure where
small pockets of water are separated by regions of partial fusion between
the lamellae. The simulations suggest a potential assembly mechanism
of the SC having a delicate balance between the lipid, water and salinity
contents, which we’ve interrogated further using our recently developed
coarse grain parameters for ceramides and cholesterol. In addition to visual-
izing a key event in the assembly of the largest human organ, our results
further clarify the criteria to develop new delivery vehicles for pharmaceu-
tical treatment.1229-Pos Board B180
Dehydration of Multilamellar Fatty Acid Membranes: Towards a Compu-
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Christopher M. MacDermaid1, Russell H. Devane2, Michael L. Klein1,
Giacomo Fiorin1.
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The level of hydration controls the cohesion between apposed lamellae
of saturated free fatty acids found in the lipid matrix of stratum corneum,
the outermost layer of mammalian skin. This multilamellar lipid matrix
is highly impermeable to water and ions, so that the local hydration shell
of its fatty acids may not always be in equilibrium with the acidity and
relative humidity, which significantly changes skin growth over a course of
days. The homeostasis of the stratum corneum at each moment of its
growth likely requires a balance between two factors, which affect in oppo-
site ways the diffusion of hydrophilic species through the stratum corneum:
(i) an increase in water order as the lipid lamellae come in closer contact,
and (ii) a decrease in water order as the fraction of charged fatty acids is
lowered by pH. We employed molecular dynamics simulations to estimate
the impact of both effects on water molecules confined between lamellae
of fatty acids. Under conditions where membrane undulations are energeti-
cally favorable, the charged fatty acids are able to sequester cations
around points of contact between lamellae that are fully dehydrated, while
essentially maintaining a multilamellar structure for the entire system. This
observation suggests that the undulations of the fatty acid lamellae control
the diffusion of hydrophilic species through the water phase by altering the
positional and rotational order of water molecules in the embedded/occluded
‘‘droplets’’.
1230-Pos Board B181
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High amplitude, nanosecond-duration, pulsed electric fields (nsPEFs) induce
the formation of nanometer-diameter pores in cell membranes. These transient
lipid electropores facilitate the transport of normally impermeant ions and
small molecules across the membrane. Quantitative measurements of molecu-
lar transport through lipid electropores are essential for the validation of elec-
troporation models and for optimizing the nsPEF dose for application-specific
responses. We calibrated the fluorescence intensity of the membrane integrity
marker dye YO-PRO-1 in dense cell lysates using a fast confocal microscope in
order to quantify the time-dependent molecular influx of YO-PRO-1 into living
cells after nsPEF exposure. Using this method we were able to measure the
number of YO-PRO-1 molecules that enter U-937 human histiocytic lym-
phoma cells following electropermeabilization by a single 6 ns, 20 MV/m
pulse.
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Oil-water interface are ubiquitous in nature and are particularly important in
biology as a simplified model for the membrane-water system. This model is
used to study the transfer of biological molecules across the membrane. We
are interested in the thermodynamic behavior across the bulk oil, oil/water
interface and the bulk water at varying alcohol concentrations. In addition to
all atom simulations, we also performed coarse-grain simulations using
the SDK model. In oil/water interface, the alcohols behaves differently at
different concentration. Lower concentrations of alcohol prefers associative
behavior but at higher concentration it becomes less associative. All of the
simulations and free energy calculations were carried out with NAMD version
2.9 and for coarse-grain we used LAMMPS. System were described with the
CHARMM27 force field. The TIP3P model was used for water. The results
we obtained are compared with the existing theoretical and experimental
findings.
